To the Editor:

Chronic obstructive pulmonary disease (COPD) is a major cause of mortality and disability worldwide \[[@b1]\]. The clinical course of COPD is characterised by exacerbations, which can be minor and manageable at home or in primary care, or severe, leading to hospitalisation or even death. Known causes of exacerbations include tobacco smoke, air pollution, dusts and fumes, and respiratory infections \[[@b1]\], \[[@b2]\]. One less well understood risk factor is stress, which could plausibly lead to COPD exacerbations as it can trigger inflammation \[[@b3]\], \[[@b4]\] and is associated with increased smoking \[[@b5]\], which are both implicated in COPD pathology \[[@b2]\]. Work is an important source of stress in the age groups in which COPD is typically diagnosed \[[@b1]\], \[[@b6]\]. However, we are not aware of previous investigations of work-related stress and the risk of COPD exacerbations.

In this study, we examined the associations between job strain (the most widely studied conceptualisation of work-related stress) and severe COPD exacerbations using individual-level data from 10 prospective cohort studies from the Individual Participant Data Meta-analysis in Working Populations (IPD-Work) Consortium \[[@b7]\]. Job strain is defined as a combination of high demands (excessive amounts of work) and low control (having little influence on what tasks to do and how to carry them out) at work.

We ascertained job strain from the participants' responses to questions on demands and control aspects of their work at study baseline. The responses were scored and for each participant, and mean scores were calculated for job-demand items and job-control items. Based on these, participants' job demands and job control were defined as high or low. A combination of high demands (a job demand score above the study-specific median) and low control (job control score below the study-specific median) was defined as high strain and all other combinations as no strain. Job strain was validated and harmonised across the studies \[[@b7]\] and modelled as a binary exposure (high strain *versus* no strain).

Severe COPD exacerbations were ascertained from national hospitalisation and death registers and defined as International Classification of Diseases version 9 codes 491, 492 and 496, or version 10 codes J41, J42, J43 and J44. Our analyses were adjusted for harmonised age, sex, socioeconomic position, body mass index (BMI), tobacco smoking and alcohol intake.

We modelled the study-specific associations between job strain and COPD exacerbations using Cox regression. The Schoenfeld test suggested the proportional hazards assumption to be valid. Study-specific estimates were pooled in random effects meta-analyses and heterogeneity among these quantified using the I^2^-statistic. All statistical analyses were conducted using Stata 11 (Stata Corporation Ltd, College Station, TX, USA), apart from study-specific analyses in the Danish studies, which were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

Our analyses were based on 92 428 males and females (median age at baseline: 42 years), of whom 451 experienced a COPD exacerbation leading to hospitalisation (n=431) or death (n=20) during the follow-up ([table 1](#erj-00-00-247-t01){ref-type="table"}). The median length of follow-up was 10 years, ranging from 2 to 23 years, and the mean±[sd]{.smallcaps} age at first severe COPD exacerbation was 60±9 years. Participants with job strain at baseline had a 32% higher risk of a severe COPD exacerbation (hazard ratio (HR) 1.32, 95% CI 1.04--1.68) than those with no strain in the age and sex-adjusted analyses ([table 1](#erj-00-00-247-t01){ref-type="table"}). However, with additional adjustment for BMI, alcohol intake, smoking and socioeconomic position, this association attenuated to the null (HR 1.10, 95% CI 0.86--1.41).

###### Participant characteristics and associations between job strain (compared with no strain) and the risk of severe chronic obstructive pulmonary disease (COPD) exacerbations

  **Study**             **Country**   **Baseline year**   **Participants with complete data^\#,¶^**   **Job strain at baseline**      **Females**      **Age at baseline years mean±[sd]{.smallcaps}**   **Smokers at baseline**   **COPD exacerbations (hospitalisations/deaths)**   **Age- and sex-adjusted HR (95% CI)**   **Multivariable-adjusted^+^ HR (95% CI)**
  -------------------- ------------- ------------------- ------------------------------------------- ---------------------------- ------------------- ------------------------------------------------- ------------------------- -------------------------------------------------- --------------------------------------- -------------------------------------------
  **COPSOQ-I**            Denmark           1997                            1724                              354 (20.5)              834 (48.4)                          40.9±10.6                            634 (36.8)                             24 (22/2)                                 0.55 (0.16--1.85)                         0.53 (0.16--1.79)
  **DWECS**               Denmark           2000                            5410                             1201 (22.2)              2514 (46.5)                         41.9±10.9                            2000 (37.0)                            47 (47/0)                                 1.94 (1.06--3.55)                         1.76 (0.93--3.32)
  **FPS**                 Finland           2000                           44 064                            7070 (16.0)             35 537 (80.7)                        44.5±9.5                             7874 (17.9)                            90 (85/5)                                 1.39 (0.83--2.34)                         1.03 (0.61--1.76)
  **HeSSup**              Finland           1998                           15 016                            2647 (17.6)              8469 (56.4)                         39.6±10.3                            3936 (26.2)                             10 (9/1)                                 2.03 (0.52--7.95)                         1.43 (0.36--5.65)
  **IPAW**                Denmark        1996--1997                         1916                              329 (17.2)              1272 (66.4)                         41.2±10.5                            900 (47.0)                             47 (46/1)                                 1.00 (0.47--2.14)                         0.74 (0.34--1.62)
  **PUMA**                Denmark        1999--2000                         1730                              260 (15.0)              1419 (82.0)                         42.6±10.2                            679 (39.2)                             16 (16/0)                                 0.81 (0.18--3.55)                         0.75 (0.15--3.77)
  **Still Working**       Finland           1986                            8991                             1399 (15.6)              2053 (22.8)                         40.9±9.1                             2968 (33.0)                           112 (107/5)                                1.27 (0.78--2.09)                         1.12 (0.68--1.85)
  **Whitehall II**          UK           1997--1999                         3500                              329 (9.4)               905 (25.9)                          41.7±4.9                             370 (10.6)                             20 (18/2)                                 2.20 (0.64--7.58)                         1.08 (0.28--4.11)
  **WOLF Norrland**       Sweden         1996--1998                         4580                              582 (12.7)              752 (16.4)                          44.0±10.2                            860 (18.8)                             21 (20/1)                                 0.81 (0.19--3.52)                         0.86 (0.19--3.88)
  **WOLF Stockholm**      Sweden         1992--1995                         5497                              880 (16.0)              2376 (43.2)                         41.5±11.0                            1378 (25.1)                            64 (61/3)                                 1.26 (0.66--2.42)                         1.21 (0.62--2.39)
  **All**                              **1986--2000**                    **92 428**                       **15 051 (16.3)**        **56 131 (60.7)**                      **41.9**                          **21 599 (23.4)**                      **451 (431/20)**                      **1.32 (1.04--1.68)^§,ƒ,\#\#^**            **1.10 (0.86, 1.41)^§,ƒ,¶¶^**

Data are presented as n or n (%), unless otherwise stated. HR: hazard ratio; COPSOQ: Copenhagen Psychosocial Questionnaire; DWECS: Danish Work Environment Cohort Study; FPS: Finnish Public Sector study; HeSSup: Health and Social Support; IPAW: Intervention Project on Absence and Well-being; PUMA: Burnout, Motivation and Job Satisfaction study; WOLF: Work Lipids and Fibrinogen. ^\#^: our analyses were based on participants who were working at study baseline and had complete data on job strain, severe COPD exacerbations (hospitalisation or death) and covariates; we excluded individuals whose records could not be linked to hospitalisation or death registers, or who had missing data on job strain or potential confounders; in order to avoid previous severe exacerbations or concurrent worsening of symptoms causing individuals to report job strain individuals with a severe COPD exacerbation before the baseline (n=31) or during the first 30 days of follow-up (n=7) were also excluded.^¶^: covariates in the multivariable-adjusted analyses of all participants were age, sex, socioeconomic position, body mass index (not available in Still Working), smoking and alcohol intake; one potentially eligible study (COPSOQ II) was excluded because in this study there were no COPD hospitalisations or deaths among the individuals exposed to job strain. ^+^: population-based studies: COPSOQ-I, DWECS, HeSSup and the two WOLF studies; workplace-based but included participants from across the socioeconomic range: FPS, IPAW, PUMA, Still Working and Whitehall II. ^§^: random effects overall estimate. ^ƒ^: I^2^=0%. ^\#\#^: p=0.7. ^¶¶^: p=0.8.

When we stratified our analyses by baseline smoking status, there was no robust evidence for an association between job strain and the risk of COPD exacerbations among baseline smokers or baseline never-smokers after adjustment for potential confounders. Among baseline ex-smokers, job strain (compared with no strain) was associated with a 2.11-fold risk of a severe exacerbation (95% CI 1.03--4.31), independently of age, sex, socioeconomic position, BMI and alcohol intake (24 539 ex-smokers, including 63 cases of severe COPD exacerbation, 15 among participants with and 48 among those without job strain). All findings were similar in the analyses with the job strain model quadrants (passive job, active job and high strain compared with low strain) as the exposure as well as in sensitivity analyses with all asthma cases excluded.

In our meta-analyses, job strain was not associated with the risk of severe COPD exacerbations, independently of age, sex, socioeconomic position, BMI, smoking and alcohol intake. We found no association between job strain and severe COPD exacerbations among baseline never-smokers or baseline smokers but, among baseline ex-smokers, job strain was associated with an approximately two-fold increased risk of a severe exacerbation. The last finding should be interpreted as hypothesis generating, as it was based on small numbers and could be a chance finding. Baseline ex-smokers with COPD may have a more advanced disease than the COPD cases in the other smoking categories and our findings may also reflect the high risk of exacerbation at advanced stages of COPD (with the disease process causing both stress and exacerbations).

An important strength of our meta-analysis was that we used a large set of prospectively collected individual-level data. Of the 10 studies, five were population-based and another five were workplace-based but included participants from across the socioeconomic range ([table 1](#erj-00-00-247-t01){ref-type="table"}). Thus, our findings are likely generalisable to the northern European workforce. We used a validated and harmonised exposure, job strain \[[@b7]\], and register-based COPD outcomes, which have good coverage and which are generally not prone to recall or other biases \[[@b8]\]--\[[@b10]\]. In addition to in-patient data, the hospitalisation registers covered outpatient appointments onwards from the mid-1990s in the Finnish and Danish studies \[[@b11]\] and from 2003 in the UK study \[[@b12]\].

It is a limitation of our study that a single baseline measurement of job strain may have been too imprecise an indicator of the exposure, which may have diluted our association estimates. Further research with repeated measurements of job strain over time would clarify this issue. Another limitation is that we had no data on disease severity or lung function at baseline. Other unmeasured confounders that might have influenced our estimates and should be controlled for in future studies include occupational exposures, concurrent illnesses, social support and physical activity. Finally, as our outcomes were severe COPD exacerbations, our findings are not necessarily generalisable to mild exacerbations.

We adjusted our analyses for smoking and alcohol intake but these could plausibly be on the causal pathway between job strain and COPD exacerbations. However, previous analyses of the IPD-Work Consortium data provided no conclusive evidence for longitudinal associations of job strain with smoking or alcohol intake, though job strain was associated with increasing smoking intensity. Further research would help to understand the direction of these associations, for if smoking and alcohol were mediators, job strain might be associated with COPD exacerbations *via* these risk factors.

In conclusion, our meta-analyses suggest that job strain is not associated with severe COPD exacerbations, though imprecise exposure or residual confounding may have influenced our results. This investigation should therefore be considered a hypothesis-generating study to encourage further research in this area. Importantly, associations between repeated measurements of job strain and indicators of COPD severity (*e.g.* lung function tests) would merit further study.
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